Introduction
Controlling a single electron in a nanowire is an important ingredient in future functional devices and circuits. Especially, the spin state of the electron can be utilized as a qubit [1] . Recently, spin state of a single hole in silicon nanowire becomes another interesting topic due to abundant hole states in Si [2] . The states of a single hole/electron are expected to be strongly affected even by the existence of a single trap in the vicinity of them. It has been found that many nanowire devices exhibit random telegraph noise (RTN) which is a clear manifestation of the existence of a single trap [3] . Here, we report the co-existence of RTN and single hole tunneling (SHT) state in a PMOS gate-all-around (GAA) silicon nanowire field effect transistors (SNWFWTs). We successfully identify dual SHT states which are switching between themselves by single hole trapping of a hole trap state. Figure 1 shows a schematic of the GAA SNWFET. The radius of the nanowire is approcimately 5 nm and there are various lengths. [2] . Figure 3 shows the I DS -V GS (black lines) and dI DS /dV GS -V DS (blue lines) characteristics of a similar device (V DS = -0.654 V, with the length 44 nm). Both data again show clear random transitions between two different states denoted by dotted lines. Figure 4 shows the same data plotted in a waterfall style in 20 different V GS values ranging from -0.65 to -0.69 V. The red dotted lines in Fig. 4(a) and (b) denote the V GS bias points around which the slope modulation occurs. The blue arrows in Fig. 4(b) denoted the shoulders in dI DS /dV GS -V DS , suggesting the existence of the excited states. All these features are the basic characteristics of SHT, co-existing simultaneously with RTN. Figure 5(a) shows the dI DS /dV GS contour in the V GS -V DS plane. The vertical lines are originated whenever there is a jump in dI DS /dV GS due to telegraph noise. We separated this into the contours of two different states (Fig. 5(b) and Fig. 5(c) ). Possible Coulomb diamonds are sketched as straight lines in the figures. The size and slopes of the Coulomb diamonds are quite different, suggesting that the hole trapping of a single trap change the electrostatic energy of the Coulomb diamond appreciably. Table I lists the value of capacitances obtained from the slopes of each Coulomb diamond, and the radii of the Coulomb islands. 
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